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Fire and/or explosion accident often occurs during
chemical manufacturing process of active pharmaceutical
ingredients (API) by a function of heat medium, stirring
rate, feed rate of raw material, etc. In this study, an
experiment was conducted on heat generation according
to the stirring rate to find out the risk in the chemical
reaction stage. Thermal behavior was investigated using a
reaction calorimeter for products synthesized in the actual
production of API. The risk was predicted by comparing
the maximum temperature of the synthesis reaction that
can generate heat due to the influence of the stirring rate
in the reaction process at commercial scale with the
maximum temperature based on the technical basis. With
these results, safety measures to control the risk of
runaway reaction due to heat generation were proposed
by applying them to the commercial reactor.

Z2HES(Runaway Reaction),

HF2H2E7] (Reaction Calorimeter),

2 Z OJQFE (Active Pharmaceutical Ingredient),
HZEA| AE(Cooling System),

Z ™ 0f|24(Human Error),

SHEAL (Marine Accident)
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Risk Assessment of Runaway Reaction According to

Stirring Rate in the Synthesis Process of Amlodipine

Camsylate, an Active Pharmaceutical Ingredient
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Fig. 1. Amlodipine camsylate process scheme
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Table 1. Properties of raw materials

Mol weight

Chemical Type (g/mol) Amount
AM(CAS. NO: 88150-42-9)  Limiting
Solid Amlodipine reagent 408.879 1009
BIOH(CAS. NO:64-17-5) g ot 46.069  380mi
Liquid ethanol
CPS(CAS. NO: 3144-16-9)
Solid Camphorsulfonic acid Reagent 232.29 519
BOH(CAS. NO:64-17-5) gy ot 46069 200m
Liquid ethanol
2.3 4 A 2
B AR AL o4 BYER vhg AP Bele}
7] 95| Fig. 28} Zo] Metter ToledoAH(A 9 A) 9]
Hh-2 &4 (reaction calorimeter, RC-1e) & AF&-5I3
t}. o] 717]= 3tehitg Al @ A AsS S5t &
o /g ST AL D AAY A (scale up)=
gt HHe) 271 44 S ol gt 2 BHo=

i Ad 3 b Aot ¥h3-87]+=

YL
o] 521 A& (glass material) & Thermocouple, con-

trol heater @ W57 59 AA|[5]& X & 4= Qlr}.
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Fig. 2. Reaction Calorimeter(RC-1e)
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Fig. 4. Block diagram for AMC synthesis reaction
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Table 2. Heat capacity calculated at each step

Experiment sl A Integral Baseline
P time time 9 type
1 02:00:22 02:59:26 87.13kJ Proportional to

Conversion

Proportional to

2 01:59:14  02:59:02 -1.605kJ .
Conversion
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Table 3. The result of experimental data of AMC reaction process

Parameter

Current values Current Values

(50 rpm) (100 rpm)
Reaction Reaction 1 Reaction 2
Reference AM AM
Heat removal rate limit 30 Wrkg 30 Wikg
Parameters - Acceptable thermal ace. limit 10% 10%
desired reaction
TD24 (degC) 300°C 300°C
Maximum technical temperature (MTT) 78.3°C 78.3°C
Criticality graph based on MTSR MTSR
Reaction total time 00:59:04 00:59:48
Evaluation Dosing total time 00:00:20 00:00:42
parameters
Total amount dosed 418.20 g 21419
qgr (reaction) 87.13kJ -1.605 kJ

Heat of reaction
Dosed amount of limiting reagent

0.4891 mol : 200 g 0.2446 mol : 100 g

gremoval (reaction)

86.99 kJ —1.456 kJ

Heat removal

Reaction specific heat removal rate

Mean: 20.19 W/kg
Max: 148 W/kg

Mean: -0.6623 W/kg
Max : 24.54 W/kg

ATad (heat removal) 151.1 K -1.004 K
Adiabatic : . o K
temperature rise Maximum achievable temperature (heat removal) 191.1°C 39°C
(ATad) ATad (heat of reaction) 151.3K ~1.106K
and MTSR
Maximum achievable temperature (heat of reaction) 191.3°C 38.89°C
Thermal Is thermal accumulation critical Yes Yes

accumulation

Thermal conversion at end of dosing

0% at 01:32:26 0% at 01:31:46

TD24

300°C 300°C

Criticality
Criticality index

3 N/A
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